When Sherlock Holmes and Dr. Watson investigated a crime, they relied heavily on their highly honed observational skills and their keen intuition. Although they were usually successful in their ability to reconstruct the crime scene and eventually identify the guilty party, their level of technical sophistication was limited, and effective solutions could often be viewed more as the result of chance than of science as we view it today. As is now seen on the multiple television versions of CSI: Crime Scene Investigation, contemporary analyses of crime scenes have dramatically changed and have been markedly enhanced by highly sophisticated techniques, including the detection of minute amounts of DNA. Detection of genetic markers has revolutionized modern detective work and is an approach that is also applicable to the study and identification of infectious agents.
In this issue of the Journal, Kistler and her coworkers [1] at the University of Cal-ifornia, San Francisco, report on the use of the newly developed Virochip to detect viruses in respiratory tract infections (RTIs). The Virochip is a DNA microarray that bears the most conserved sequences of all known viruses of humans, animals, plants, and microbes and, as a consequence, has the capability of detecting the virus "guilty" of causing an RTI. In addition to detecting known viruses, it is possible that the Virochip can also identify new members of known virus families via hybridization to similar sequences of established virus strains. This advance provides a significant advantage over current polymerase chain reaction (PCR)-based methods and adds to the investigative tools of the infectious-disease researcher a new and highly sophisticated, sensitive, and specific technology with which to more expansively establish relationships between RTIs, infectious pathogens, and diseases such as asthma.
The detection of respiratory viruses as the cause of RTIs has had a tremendous influence on our understanding of many clinical observations with respect to asthma. For decades, clinicians had suspected that RTIs were a major cause of asthma exacerbations. It was not clear, however, whether the microorganisms associated with these acute events were bacteria or viruses. In 1974, investigators at the University of Wisconsin published the results of a study in which they used culture techniques to detect the type of infection associated with asthma exacerbations in children [2] . Of the organisms isolated, respiratory viruses, not bacteria, were the most frequent, with rhinovirus being the dominant virus found. This was a major breakthrough and suggested that respiratory viruses-and in particular the common cold-causing rhinovirus-were the major causative agents of these asthma attacks. In this early study, the number of patients evaluated was small ( ), and n p 16 the frequency with which infections were detected was !50%. The relatively low frequency of the detection of RTIs was felt to reflect the complexities linked to the culture of rhinoviruses and the limited sensitivities of such an approach.
The development of PCR technology dramatically changed the ability to detect respiratory viruses, and with this advance emerged a renewed interest in, and appreciation of, the role played by RTIs in asthma exacerbations. When Nicholson et al. [3] applied PCR techniques to the study of RTIs and asthma exacerbations in adults, viral RTIs were associated with 150% of asthmatic deteriorations. In 1995, Johnston et al. [4] published their finding that 85% of asthma exacerbations in children 9-11 years of age were associated with viral RTIs. In both of these reports, two-thirds of the infections associated with asthma exacerbations were caused by rhinoviruses. Collectively, these observations demonstrated the importance of rhinoviruses to asthma exacer-bations and spurred a renewed interest in the mechanisms by which respiratory viruses can lead to asthma exacerbations; in addition, they helped to define the host factors that may contribute to or determine susceptibility to viral effects and the potential risk factors for subsequent wheezing [5] [6] [7] .
The report by Kistler et al. has extended the application of virus detection to a new level and has opened some intriguing new doors for research. Their findings are of interest for a number of reasons. First, they have validated the use of their Virochip to detect respiratory viruses. To accomplish this task, they recruited adults with and without asthma within 48 h of the development of "cold" symptoms and were primarily interested in determining the specific viral infections associated with asthma exacerbations. Their analyses indicated that the Virochip was far more sensitive than culture (see table 1 table 2 in Kistler et al.). Second, the Virochip is comprehensive in scope, having the capability to detect virtually all known respiratory viruses (e.g., human rhinovirus [HRV], coronavirus, respiratory syncytial virus, influenza virus, and metapneumovirus). Third, and perhaps most importantly, they found new respiratory viruses. As the authors indicated, "the Virochip detected remarkable and unanticipated diversity among HRV isolates" (p. 824). Thus, as the authors conclude, the previously described serotypes underestimate the diversity of rhinoviruses in clinical infections. Moreover, these findings raise new questions as to their role in RTIs and in exacerbations of asthma. Do these additional rhinovirus strains, with some unique genetic features, produce distinct respiratory illnesses? Specifically, are they more likely to provoke acute asthma relative to other rhinovirus strains?
in Kistler et al.) and that the results of viral detection by this new technique could be validated by PCR (see
The Virochip could provide important clues toward answering these clinical questions. Over the 3-year period of Kistler et al.'s study, the Virochip hybridization signatures corresponded to ∼29 different human rhinoviruses: 16 HRVA isolates, 8 HRVB isolates, and a novel set of 5 divergent HRV isolates, which they refer to as HRV'X'. As our experience grows, analysis of specific genetic motifs that are associated with illnesses of greater severity may reveal clues as to segments of the genome that contribute to pathogenicity. These observations are important for many reasons. Identification of viruses has largely depended on known serotypes, which were initially detected by the usual culture techniques. The new rhinoviruses described in Kistler et al.'s report were not able to be cultured. The ramifications of these findings are potentially quite profound. First, the increased ease of this kind of approach will greatly aid the detection of viruses associated with respiratory illnesses. Second, this method might provide enough information to better ascertain the relationship between various serotypes and the capability of causing an asthma exacerbation. Third and more importantly, it is indeed possible that previously unidentified viruses may be major factors in respiratory illnesses and have gone largely undetected. Thus, with these increased capabilities, not only is it highly probable that the impact of respiratory viruses and exacerbations of asthma will be more likely linked, but our understanding of the specific viruses associated with these events will also be greatly enhanced.
Like investigators involved in crime scene investigations, medical detectives now have new tools with which to better evaluate an infection scene, in this case the respiratory tract. Not only is it possible to identify the usual suspects, but it appears now that molecular techniques can be used to round up additional perpetrators that have been operating under (and inside) our noses for years. The enhanced breadth of respiratory viruses that can be identified will allow for a more encompassing assessment of RTIs in general. In addition, the unique features of both known and to-be-discovered respiratory viruses may hold important clues to how, and under what conditions, certain respiratory viruses cause acute exacerbations of asthma. The creator of Sherlock Holmes was Sir Arthur Conan Doyle, himself a physician, and he may have learned from his medical studies the need and importance of a thorough investigation to be as fully informed as possible, be it in medicine or detective work. Thus, our analogy relating detective work to medical research is pertinent to the findings of Kistler et al., whose work promises to provide the research community with investigative tools to solve mysteries and, in the process, to ensure that all suspects are accounted for. As a consequence, when a crime scene investigation is completed, the evidence will be incontrovertible.
